Abstract: Complexes of diazoxide (3-methyl-7-chloro-l,2,4-benzothiadiazine-l,l-dioxide) an antihypertensive and hyperglycemic pharmacological agent with a series of transition-and main-group di-, triand tetravalent metal ions were prepared and characterized by elemental analysis, spectroscopic, thermogravimetric, magnetic and conductimetric measurements. The complexes were tested as inhibitors of the enzyme carbonic anhydrase (CA), proving modest activity towards CA II and better inhibition of CA I.
Introduction
In connection with our interest to develop novel types of inhibitors of the enzyme carbonic anhydrase (CA, EC 4.2.1.1), 1, 2 we reported a large number of coordination compounds of heterocyclic and aromatic sulfonamides, 2, 3 containing a large range of transition and main-group metal ions. Some of these derivatives showed excellent CA inhibitory properties (for isozymes CA I and CA II, the major red cell CAs1) and their mechanism of action at molecular level was also rationalized. 4 Ligands used in such studies included heterocyclic sulfonamides with well-known CA inhibitory 5 6 7
prpperties, such as acetazolamide 1; methazolamide 2; ethoxzolamide 3; thienothiopyran sulfonamides 4;
8 (all these are clinically used CA inhibitors ,2) as well as saccharin 5, 9 for which CA inhibitory properties were discovered recently. thoroughly effective in lowering elevated eye pressure, without undesired side effects. Acetazolamide 1 also played a major role in the development of renal physiology and pharmacology, 1, 2 and led to the synthesis of two classes of drugs: the benzothiadiazide ("thiazide" diuretics) and the high-ceiling diuretics. 11'16 From the first type of such compounds, chlorothiazide (6-chloro-7-sulfamoyl-1,2,4-benzothiadiazine-1,1-dioxide) is a widely used diuretic drug for treating a variety 15, 16 of disorders such as edema, congestive heart failure, hypertension, etc.
Among the large number of 1,2,4-benzothiadiazine-l,l-dioxides reported, 16 3-methyl-7-chloro-1,2,4-benzothiadiazine-l,l-dioxide 6 (diazoxide, abbreviated as HDZO in this work) proved completely different properties as compared to the structurally related diuretics, such as chlorothiazide and its congeners (which possess a sulfamoyl group in position 7 and lack the methyl from 3). Thus, diazoxide in clinical use since the 1960-s is a potent hypotensive drug, its mechanism of action involving the activation of ATP-sensitive potassium channels, and relaxation of vascular smooth muscles. 17 By the same mechanism of action, diazoxide inhibits insulin secretion, 18 and shows potent hyperglycemic properties, 9 which are useful in the treatment of various forms of hypoglycemia. 19 Although, as seen from the above data, derivatives of type [1] [2] [3] [4] [5] [6] Synthesis of coordination compounds [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] A cold solution of diazoxide sodium salt (NaDZO, 7) was prepared by suspending HDZO in a 2N NaOH solution, working at 0-5C. Mention should be made that the benzothiadiazinic ring is not very stable in the presence of bases, being cleaved to orthanilamide derivatives. 16 Still, at room temperature and in 2N NaOH, diazoxide is cleaved in about 150 hours, 16 so that, presumably, no decomposition occurred during the experiments reported here, in which complexes were prepared in about 0.5 1 hours. The cold solution obtained above, was mixed with a methanolic-aqueous solution of metal salts (MCI: or MC13), in molar ratios of 2:1 and 3:1, respectively, and the obtained reaction mixture was stirred magnetically at room temperature for 0.5 hours. The obtained precipitates were filtered and air-dried.
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Starting from the sodium salt of diazoxide, NaDZO 7, prepared in situ from diazoxide and NaOH (the pKa of the SONH moiety of diazoxide is 8. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] (ii) the absence of v(NH) vibrations in the spectra of complexes 8-17 and the sodium salt 7, whereas in diazoxide 6 they appear at 3080 cm "1 (iii) the presence of v(OH)
bands, around 3400 cm-l,in the spectra of the coordination compounds, which are absent in the spectra of the ligand and its sodium salt(data not shown); (iv) appearance of bands in the region 300-400 cm "1 attributed to v(M-N) and v(M-O) vibrations, in the spectra of complexes 8-17, which are again absent in the spectra of 6 and 7; (v) the other bands in the IR spectra of compounds 8-17 (for instance v(C=N) and v (C=C), in the region 1400-1600 Cm "1 ) appear at the same wavenumbers as in the ligand 6, probably due to the fact that the part of the molecule in which they are present is not much affected by interaction with the metal ions (data not shown).
In the electronic spectra (in solution) of diazoxide 6, two absorption maxims are seen, at 215 and 278 nm, respectively, as for other structurally-related benzothiadiazine-l,l-dioxides possessing a similar substitution pattern. 16e'2 For the sodium salt 7, the first maximum is identical with that of diazoxide 6, whereas the second one undergoes a bathochromic shift at 289 nm (and a small hyperchromic effect). 2 In the new complexes 8-17, a similar behavior to that of the sodium salt was evidenced (Table II) , as the first maximum remained unchanged, whereas the second one was bathochromically shifted to 289 nm. Such a pattern of the electronic spectra proves that in complexes 8-17 it is the diazoxide anion interacting with the metal ions, similarly with heterocvclic sulfonamides of type 1-5, which generally coordinate metal ions as deprotonated species, RSO2NH-. Reflectance diffuse (RD) spectra of complexes containing colored metal ions are shown in Table  III , together with magnetic moment data (at room temperature) and the proposed geometries of the respective metal ions in their complexes with diazoxide. From the above data, it is seen that the Co(II) complex 8 shows two bands in the RD spectrum, at 25,600 and 15,630 cm "1 respectively, assigned as the v 3 and v2 transitions, and a shoulder at 18,500 cm-1. The Vl calculated from the Lever tables is 7,260 ,which leads to a v2/vl ratio in the range of 2.1-2..2, which correlated with a magnetic moment of 5.28 BM at room temperature, suggests an octahedral geometry for the Co(II) ion.
:3 This is also supported by TG analysis data (Table II) , which proved that the four water molecules are lost in a single step, between 120-170 C, being coordinated to the metal ion. For the Ni(II) complex 9, two weak transitions were evidenced in the RD spectrum, at 17,000 and 16,200 cm" attributed to the Vl V(IV) . Thus, the iron derivative 15 is in its predilect geometry octahedral as proved both by spectral as well as magnetic data (Table III) , whereas the V(IV) derivative 17 in SClUare pyramidal surrounding, as for the related complexes of sulfonamides 1-5, containing these metal ions. [4] [5] [6] [7] 25 Geometries of other metal ions in the complexes with diazoxide were inferred taking into account the stoichiometry as well as TG data. Thus, the Zn(II) complex is probably in tetrahedral surrounding, as only two water molecules are present in its molecule, which are lost again at high temperature, whereas for Cd(II); Hg(II) and AI(III) complexes, an octahedral geometry of the metal ions is suggested. Some of these complexes also contain lattice water, which was the first lost during the TG analysis (between 100-120C), followed by the coordinated water molecules, lost at higher temperatures (Table II) The prepared complexes were tested for their ability to inhibit carbonic anhydrase isozymes CA I (human) and CA II (bovine), which are the major components of erythrocyte CA (Table IV) . 
